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Abstract

In this paper, we propose a new method for finding
similarity in 3-D protein structure comparison. Different
from the other existing methods, our method is grounded in
the theory of fractal geometry. The proposed feature
vectors of protein structures are simple to implement . The
method is very fast because it requires neither alignment of
the chains nor any chain-chain comparison. We calculate
the fractal features of a set of 200 protein structures
selected from PDB(Protein Data Bank). The experimental
result shows that our method is very effective in
classification of 3-D protein structures.

1. Introduction

In Protein Databases (e.g. PDB), each year a high number of
new 3-D structures of protein molecules is determined either by x-
ray crystallography or by NMR techniques or by theoretical
prediction. To avoid potential exponential explosion of structures,
a basic problem is to which class the new protein molecule belong.
Proteins belonging to the same functional family often share
common structural features even if there is no evolutional
dependence or sequence similarity between them. So, the protein
molecules can be classified by comparing its 3-D structures
similarity.

In recent years, many different approaches for
extracting protein structural features are developed.
Geometric hashing based algorithms [1] and index based
algorithm [2] choose a set of reference frames from each
target protein and place the other elements of the protein in
a hash table, based on each reference frame, the space
complexity of this approach is relative to the number of
elements considered for each target protein. Tolga Can [3]
uses three independent smoothing splines parameterized
with respect to the polygonal arc length t to infer the global
structure. Similarly, Peter Rogen [4] uses Gauss integrals to
analyze and compare protein structure, this method is very
fast and used in CATH2.4 database. A popular method is
distance matrix [5] and used in FSSP database, in which the

distance is defined as the one between two atoms. Mihael
The CE algorithm [6] performs a combinational extension
of aligned fragment pairs, it builds an alignment between
two protein structures through a combinatorial extension of
an alignment path defines by aligned fragment pairs.

The most of above mentioned methods are based on
high dimension features. When performing a database
search, these methods need exhaustive searching. The
challenges outlines in the preceding section motivated us to
step away from high dimension features and to instead
compare and classify proteins on the basis of their fractal
properties.

2. Feature Extraction

2.1. Fractal Background

Proteins are heteropolymers with a variable
composition of twenty different amino acids. The amino
acid sequence shows that 3-D structure of the protein for
the varied composition and nature of their side groups result
in a range of possible interactions within the protein. These
interactions determine the final structure of protein. So,
proteins have an intrinsic self-similarity in the compactness
and the packing of their structure. Whether natural or
mathematical, all fractals have particular fractal dimensions.
These are not the same as the familiar Euclidean
dimensions. measured in discrete whole integers such as
1,2,0or 3,but a different kind of quantity. Usually non-integer,
a fractal dimension indicates the extent to which the fractal
object fills the Euclidean dimension in which it is
embedded. A protein molecule is made up of one or several
polypeptide chains and the protein backbone is a space

curve composed of ¢“ atoms. This motivates us to
consider the fractal features of the 3-D protein structures.
The following section describes how to extract the fractal
features of the protein in our methods.
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2.2. Fractal feature extraction

The fractal dimension of a curve may be defined by
measuring the length L, with rulers of fixed length . The
relationship between the length L and length ¢ is:

L(g) c g™ (1)

here, D(¢&) is the fractal dimension. L(&) is defined as
the length of the protein molecule chain from the ¢” of N
polar in polypeptide chain ,in which the 1* ¢, (& + l)th
¢, 2e+1)" ¢*,..., and (K& +1)" ¢ are connected

to a zigzag , ¢” is represented as amino acid residue, the
number of the amino acid residues is N, if the number of
residues n between (K&+1)" ¢
polypeptide chain is less than &, the connected zigzag
stopped at the (K€+1)[h ¢” . Then, the length of the

protein molecule chain L(¢&) is defined as following:

“ and C polar in

n L.(¢)
&

Lie)=L.(e) + 2

where, |ISe< N -1, and L_(&) is the length of the

: n L. (&) .
connected zigzag, and —- is the length of the
&

remainder whose ¢” . By the curve approximation, we can
compute the slope of the fractal cure ( Log(g) -

Log(L(¢))) S(&) then,
D(g)=1-S(¢) (3

So, the feature of the protein structure can be defined as

D(e).

3. Experiment results and discussion

In our experiments, we downloaded about two hundred
protein structures from PDB. Experiment results show that
the fractal dimension feature performs well in comparing 3-
D protein structure similarity. See Figure 1, the backbones
of several protein molecules are shown and the
corresponding fractal dimensions are given.

D(£)=1.948392  D(g)=1.948416

D(£)=2.468260  D(&)=2.467826

Figure 1. The backbone of the protein molecule

From the experiments , we can find the differences between
the fractal dimension of the two pairs protein molecules are
very small. So, the fractal dimension can be considered as

the feature of the 3-D protein structure. Obviously, D(&)

is sensitive to the fixed length ¢, if ¢ is in certain region, the
curve is linear. In the future, we will improve the robust of

D(¢&) to avoid its sensitivity to &.
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